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Three hundred and twenty two samples comprising of beef (94), chicken 
parts (1 14), pork (1 I ) ,  beef burger (47), chicken burger (30), chicken nugget 
(I), chicken frankfurter (lo), chicken carcass (20) and pork frankfurter (5) 
were examined for the presence of Yersinia. Samples were enriched in 
phosphate-buffered-saline at 25OC for 48h. Enriched samples were treated 
with 0.5% +potassium hydroxide (KOH) solution and then streaked onto 
Cefsulodin-lrgasan-Novobiocin (CIN) agar plates. 1/94 ( 1  I % )  16/47 
(34.0%), 6/14 (5.3%), 1/30 (3.3%) and 1/20 (5.0%) of beef, beef burgers, 
chicken parts, chicken burgers and chicken carcass samples were 
contamhated with Yersinia spp. respectively. Yersinia spp. were not isolated 
from pork, chicken nugget and chicken frankfurter samples. Fifty-three 
isolates of Yersinia spp. were isolated from 25 (7.7%) positive samples and 
identified as Y. enterocolitica (29), Y. frederiksenii (18), Y. kristensenii (3) 
and Y, intennedia (3). Highest numbers of positive samples were obtained 
from Selangor (86.2%), followed by Negeri Sembilan (6.9%). 3.4% of the 
positive samples were obtained from Kuala Lumpur and overseas. In this 
study, Y. enterocolitica was defined as non sensu strict0 on the basis of 
biochemical properties not strictly fitting according to the scheme used for 
classification at the genus level. They were biochemically atypical, including 
Simmon's citrate-positive and Voges-Proskauer-negative. All Y. 
enterocolitica isolates were grouped into biotype 1A based on reaction to D- 
xylose, nitrate reduction and pyrazinamidase. The four related species: Y. 
frederiksenii, Y. intennedia and Y. kristensenii were readily distinguishable by 
sucrose, melibiose, rhamnose and raffinose fermentation. The result of 
serotyping of twenty Y. enterocolitica showed that eleven of them belonged 
to serotype 0:52,53; one isolate belong to serotype 0:41,42 and nine were 
untypable, delineating the isolates from pathogenic serotypes. In addition, 
Polymerase Chain Reaction (PCR) analysis indicated that Y. enferocolitica 
examined did not possessed any of the virulence marker genes that are 
characteristics of pathogenic strains. Antibiotic susceptibility analysis showed 
there was no difference in the susceptibilities of the four Yersinia species 
towards ampicillin, penicilin, cephalotin, bacitracin and chloramphanicol. All 
isolates (100%) were resistant to ampicilin, penicilin and cephalotin but all 
(1 00%) were sensitive to chloramphenicol. 1.96, 3.92, 5.88, 9.80 and 29.41 % 
of Yersinia isolates were resistant to gentamicin, nalidixic acid, streptomycin, 
tetracycline and cefaporazone, respectively. 98.04% of the isolates which 
were resistant to carbenicillin demonstrated weak activity of carbenicilin 
against the Yersinia. Multiple Antibiotic Resistance (MAR) index ranged from 
0.36 to 0.64. Three plasmid patterns were observed among the Yersinia 
isolated. 31 (60.78%) of the isolates carried single plasmid and 20 (39.22%) 
of the isolates did not carry any plasmid. 21 (41 .la%), 8 (15.69%) and 2 
(3.92%) of the isolates were harbor 54, 32 and 2.7 MDal plasmid size, 
respectively. The dendrogram obtained by comparative analysis of the 
pulsed field electrophoresis patterns clustered biotype 1A into three clusters 
(A, B and C). The PFGE result indicated that they (biotype 1A) were different 
from the pathogenic strains (control strains). 
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Tiga ratus tiga puluh dua sampel daging lembu (94), daging ayam (114), 
daging khinzir (1 I), burger lembu (47), burger ayam (30), nugget ayam (I), 
frankfurter ayam (lo), bilasan daging ayam (20) and frankfurter khinzir (5) 
telah diperiksa bagi mengesan kehadiran Yersinia. Agar cefsulodin-irgasan- 
novobiocin (CIN) telah diinokulasikan dengan sampel yang telah dinkubasi 
dalam phosphate-buffered-saline (PBS) 1/15M, pH 7.6 pada suhu 25OC 
selama 48 jam setelah ia dirawat dengan 0.5% larutan potassium hydroxide 
(KOH). Frekuensi sampel yang positif adalah seperti berikut; daging lembu 
(1.1 %), burger lembu (34.0%), daging ayam (5.3%), burger ayam (3.3%) dan 
bilasan daging ayam (5.0%). Daging khinzir, nugget ayam dan frankfurter 
ayam didapati tidak mengandungi Yersinia. Lima puluh tiga kultur Yersinia 
telah dipencil dari 25 (7.7%) sampel dan dikenalpasti sebagai Y. 
enterocolitica (29), Y. frederiksenii (1 8), Y. kristensenii (3)  and Y. intermedia 
(3). Taburan Yersinia yang dipencil menurut tempat asal sampel mendapati 
Selangor (86.2%) sebagai penyumbang utama kepada kontaminasi. Ini 
diikuti dengan Negeri Sembilan (6.9%) dan 3.4% bagi setiap sampel dari 
Wilayah Persekutuan dan sampel yang diimpot. Y. enterocolitica dalam 
kajian ini dikatakan non sensu strict0 berdasarkan ciri-ciri biokimia yang 
kurang menepati corak klasifikasi bagi tahap genus. la menunjukkan ciri-ciri 
biokimia yang atipikal, termasuk positif bagi ujian sitrat Simmon dan negatif 
bag i ujian voges-proskauer. Kesemua pencilan Y. enterocolitica digolong kan 
di dalam biotip 1A menurut keputusan ujian-ujian D-xylose, penurunan nitrat 
dan pyrazinamidase. Keempat-empat spesis Yersinia: Y. frederiksenii, Y, 
intermedia dan Y. kristensenii boleh dibezakan dengan mudah berdasarkan 
keputusan ujian fermentasi sukrosa, melibiosa, rhamnosa dan raffinosa. 
Percubaan untuk mengaitkan kadar pemencilan dengan tempoh pemencilan 
buianan didapati tidak berjaya. Keputusan ujian serotip bagi dua puluh kultur 
Y. enterocolitica menunjukkan sebelas darinya tergolong dalam serotip 
0:52,53; satu kultur 0:41,42 dan sembilan kultur tidak boleh diserotipkan. Ini 
menunjukkan mereka tidak tergolong dalam serotip yang virulen. Tambahan 
pula, analisis PCR menunjukkan kesemua Y. enterocolitica yang diuji tidak 
mempunyai gen virulen seperti yang dipunyai oleh kultur yang patogen. Ujian 
. . 
kerintangan kepada antibiotik menunjukkan tiada perbezaan kerintangan 
yang ketara ditunjukkan oleh kempat-empat spesis Yersinia terhadap 
vii 
ampicilin, penicilin, cephalotin, bacitracin dan chloramphenicol dimana 
kesemuanya (100%) rintang terhadap ampicilin, penicilin dan cephalotin. 
Manakala kesemuanya (100%) adalah sensitif terhadap chloramphenicol. 
Gentamicin, nalidixic acid, streptomycin, tetracycline dan cefaporazone 
menunjukkan aktiviti berkesan dimana hanya 1.96, 3.92, 5.88. 9.80 dan 
29.41% Yersinia yang rintang. Sebanyak 98.04% kerintangan menandakan 
aktiviti tidak berkesan carbenicilin terhadap Yersinia. Analisis indeks MAR 
yang dihitung menunjukkan julat antara 0.36 hingga 0.64. Tiga corak plasmid 
diperhatikan: 31 (60.78%) membawa satu plasmid dan 20 (39.22%) tidak 
mempunyai plasmid. 21 (4l.l8%), 8 (1 5.69%) dan 2 (3.92%) masing-masing 
membawa plasmid bersaiz 54, 32 dan 2.7 MDal. Dendrogram yang 
diperolehi dari analisis perbandingan corak elektroforesis pulsed-field 
menggolongkan biotip 1A kepada tiga kumpulan besar (A, B dan C). 
Keputusan ini menunjukkan bahawa biotip 1A adalah berbeza dari kultur 
patogenik (kultur kawalan) setelah method PFGE digunakan. 
. . . 
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CHAPTER 4 
INTRODUCTION 
Yersinia enterocolitica and Yersinia enterocolitica-like bacteria, 
including Y. frederiksenii, Y. kristensenii, Y. intermedia, Y. aldovae, Y. rohdei, 
Y. mollaretti and Y. bercovieri constitute a fairly heterogeneous group of 
bacteria which includes both well-established pathogens and range of 
environmental or non-pathogenic strains. Yersinia is a gram negative, non- 
spore forming, facultative anaerobic bacterium that can multiply at 
refrigeration temperatures, 0-4OC (Bottone, 1997; Bottone, 1999). 
There has been a steady increase in the number of isolations of Y. 
enterocolitica in recent years, not only from clinical materials but also from 
water and foods. Y. enterocolitica and related species are common in many 
types of foods such as milk (Moustafa et a/., 1983; Franzin et al., 1984; 
Toora et a/., 1989; lbrahim and Rae, 1991), meat and meat products (Logue 
et a/., 1996; Fukushima et a/., 1997; Johannessen et a/., 2000; Ramirez et 
al., 2000), also in other animal associated products (Velazquez et a/., 1993). 
Yersinia is of particular importance for the safety of consumers, because it is 
capable of growing in raw meat and meat products and remains viable for 
-. 
long periods at refrigeration temperatures (Hudson and Mott, 1993; Johnson 
et al., 1982; Myers et al., 1982). As the number of Yersina in foods is usually 
low and there is often great variety of background flora, direct isolation on 
selective plating media is seldom successful. Isolation methods usually 
involve enrichment of the sample followed by plating onto selective agar 
media and confirmation of typical colonies (Hoorfar and Holmvig, 1999; 
Johannessen et al. , 2000). In addition, alkalotolerance in Y. enterocolitica 
compared to other bacteria has been used to reduce the level of background 
flora and made detection of Y. enterocolitica easier (Jiang et a/., 2000). 
Unlike Salmonella and Shigella species, which are intrinsic pathogens 
and essentially all strains can cause enteric infections, there is strain-to- 
strain variation in the pathogenicity of Y. enterocolitica. A number of studies 
have shown an excellent correlation between the serotype and biotype of Y. 
enterocolitica. Biotype 1A usually comprises avirulent strains and 
encompasses a wide range of serotypes (05 ;  0:6,30; 0:6,31; 0:7,8; 0:lO) 
as well as non-typable 0 strains (Tennant et a/., 2003). Whereas biotype 1B 
and biotype 2-5 include strains that are potentially pathogenic for man and 
animal. These biotype belonged to only a few serotypes such as 0:3; 0:5,27; 
0:8; 0:9 of Y. enterocolitica sensu stricto. An accurate designation of 
pathogenic Y. enterocolitica strains need to take into account both the 
biotype and the serotype of a strain. The two traits are linked closely. Biotype 
4 is associated with serotype 0:3 (4/0:3), biotype 2 with serotype 0:9 and, 
. . 
less frequently 0:5, and biotype 3 with serotype 0:3 and 0:5. Therefore, the 
